Summary Microsatellite instability has been observed in a variety of sporadic malignancies, but its existence in sporadic ovarian cancer has been the subject of conflicting reports. We have performed a polymerase chain reaction-based microsatellite analysis of DNAs extracted from the neoplastic and non-neoplastic tissues of 41 ovarian cancer patients. Tumour-associated alterations were observed in seven (17%) of these cases. Clinicopathological correlations revealed that: (1) 
Microsatellites are widely distributed repetitive DNA sequences composed of short, tandemly repeated nucleotide motifs. In some neoplasms, these sequences exhibit a form of genetic instability characterised by the gain or loss of repeat units at multiple independent loci. Such alterations have been observed to accumulate in cells defective for DNA repair activities (Parsons et al., 1993; Umar et al., 1994a) and occur with highest frequency in association with the familial cancer syndrome HNPCC (hereditary non-polyposis colorectal cancer) (Aaltonen et al., 1993; Peltomaki, et al., 1993; Risinger et al., 1993) . HNPCC families are characterised by a high frequency of colorectal and extracolonic malignancies of the gastrointestinal, upper urological and female genital tracts, often with early age of onset Watson and Lynch, 1993) . Human homologues of bacterial and yeast DNA mismatch repair genes have been located on chromosomes 2 (hMSH2, hPMS1), 3 (hMLHI) and 7 (hPMS2), and mutations have been identified at these loci in HNPCC patients (Fishel et al., 1993; Leach et al., 1993; Bronner et al., 1994; Kolodner et al., 1994 Kolodner et al., , 1995 Liu et al., 1994; Lynch et al., 1994; Mary et al., 1994; Nicolaides et al., 1994; Papadopoulos et al., 1994; Han et al., 1995) .
Microsatellite instability has also been observed in a variety of sporadic malignancies, including those of the colon, endometrium, stomach, pancreas, lung, bladder, kidney, oesophagus, and haematopoietic system (Gonzalez-Zulueta et al., 1993; Han et al., 1993; Ionov et al., 1993; Risinger et al., 1993; Thibodeau, et al., 1993; Duggan et al., 1994; Mao et al., 1994; Meltzer et al., 1994; Merlo et al., 1994; Mironov et al., 1994; Rhyu et al., 1994; Shridhar et al., 1994; Wada et al., 1994) . However, there are conflicting reports concerning the presence of such alterations in sporadic ovarian neoplasms (Dodson et al., 1993; Han et al., 1993; Osborne and Leech, 1994; Wooster et al., 1994; King BL, Carter D (Dodson et al., 1993) . Another comprehensive allelotype analysis of 25 sporadic ovarian tumours at 68 different microsatellite loci revealed only two alterations among the 1700 repetitive sequences examined (Osborne and Leech, 1994) . Together, these studies indicated microsatellite instability to be an extremely uncommon event in sporadic ovarian cancer. In contrast, another smaller study reported dinucleotide alterations in 3/19 (16%) ovarian tumours (Han et al., 1993) . Interestingly, another analysis failed to detect alterations at any of the six dinucleotide loci examined, but identified mutations at higher order tri-and tetranucleotide repeat sequences in 2 of the 20 ovarian tumours (Wooster et al., 1994) .
The interpretation of these conflicting observations is partially confounded by the variables of family history, tumour histopathology and type of microsatellite marker studied. Ovarian tumours occur with relatively high frequency in some HNPCC pedigrees (Lynch et al., 1986) , and tumourassociated microsatellite instability has been observed in an ovarian cancer patient with a germline hMSH2 mutation (Orth et al., 1994) . It is often difficult to obtain sufficient family history to exclude the possibility that cases assembled as sporadic are, in fact, from HNPCC pedigrees. Neither detailed histories nor clinicopathological characteristics were presented in two of the studies reporting tumour-associated microsatellite instability in sporadic ovarian tumours (Han et al., 1993; Wooster et al., 1994) . The almost exclusive occurrence of alterations at higher order tri-and tetranucleotide repeat sequences in one of these studies suggested that features of the repeat loci themselves might be determinants of tumour-associated instability (Wooster et al., 1994) . In the present study, we have analysed di-and tetranucleotide microsatellite loci in DNA from the neoplastic and nonneoplastic tissues of 41 ovarian cancer patients characterised for family history and clinicopathological features.
Materials and methods

Patients and specimens
The clinical and histopathological characteristics of the 41 ovarian cancer patients analysed for microsatellite instability Table I . Nineteen cases were selected from the archives of the Department of Pathology at the Yale University Medical School, and 22 cases were obtained from the Frauenklinik der Albert-Ludwigs-Universitiit of Freiburg. Family history was determined by medical records. For the Freiburg cases, positive family histories were confirmed by histological diagnosis. Details on patients with positive family histories are presented in Table II . Formalin-fixed, paraffin-embedded archival specimens, including primary tumour, metastatic deposits, lymph nodes and normal tissues, were used for DNA extraction and microsatellite analysis. Microdissection was performed on some sections to separate neoplastic and non-neoplastic tissues. Serial H&E sections of all tissues were reviewed by pathologists (MLC, DC and JP).
DNA extraction DNA extraction was performed according to Wright and Manos, (1990) . Five-micron-thick paraffin tissues were scraped from histological slides, placed in Eppendorf tubes and deparaffinised through successive rinses in 400 ,l volumes of xylene and absolute and 95% ethanols. Tissues were vortexed in each of these solutions for 15 s, and pelleted by microcentrifugation at top speed for 10 min. The final pellets were air dried overnight, resuspended in Manos buffer (50 mM Tris pH 8.5, 1 mM EDTA, 0.5% Tween 20) and incubated overnight at 37°C. Solutions were then heated to 95°C for 5 min, and next incubated with 200 yg ml-' Proteinase K (Boehringer Mannheim, IN, USA) at 55°C for 3 h. Proteinase K was then heat inactivated in a 5 min 95°C incubation. Samples were stored at -20°C until use.
Microsatellites
The following microsatellites were amplified in radiolabelled polymerase chain reactions (PCRs) with the indicated primers: (1) the tetranucleotide (GATA), GABARB1 locus on chromosome 4pl2-13 (5'-tgatagctagaaagctagcaag-3' and 5'-gctcattaaacactgtgttcct-3') (Dean et al., 1991); and (2) the dinucleotide (CA)" Mfd 27 locus on chromosome 5ql 1-13 (5'-gatccactttaacccaaatac-3' and 5'-ggcatcaacttg aacagcat-3') (Weber et al., 1990 (Figure 1 ). H&E staining failed to demonstrate the presence of epithelial elements, and immunohistochemical analysis failed to detect cells positive for cytokeratins Al and A3 in either node. However, both of these lymph nodes were massively infiltrated by histiocytes. The presence of novel microsatellite alleles in the DNAs extracted from these nodes was interpreted as likely to have been derived from the residual DNA of phagocytosed ovarian carcinoma cells.
Discussion
We originally analysed microsatellites for the purpose of fingerprinting ovarian tumour cell lines (King et al., 1994) , and became curious about the general stability of these sequences in vitro and in vivo. We proceeded to study the GABARBI tetranucleotide locus in the tissues of a small group of ovarian cancer patients, and observed several alterations in the malignant tissues (King et al., 1993, unpublished data) . However, these observations appeared to contradict a larger analysis of 60 sporadic ovarian tumours which failed to detect alterations at any of the more than 20 repeat loci examined (Dodson et al., 1993) . Subsequent studies, investigating microsatellite instability in multiple tumour types, reported alterations in 3/20 (16%) and 2/20 (10%) of the ovarian tumours (Han et al., 1993; Wooster et al., 1994) . The overall frequency of alterations observed in the present study (7/41 or 17%) is consistent with these two studies. Possible explanations of the divergent observations involve the variables of family history, microsatellite repeat features and tumour histology. Although most ovarian cancer is thought to be sporadic, familial aggregation is recognised in three types of pedigrees (Lynch et al., 1986; DiCioccio and Piver, 1992) : (1) those with a high frequency of ovarian neoplasms alone; (2) those in which there is a high frequency of both ovarian and breast cancer; and (3) those characterised by a high frequency of adenocarcinomas of the colon, endometrium and ovary (e.g. HNPCC). In our study, family histories were available for 39 of the patients, and 12 of these patients had relatives with cancer (Table II) . One patient had a family history meeting the Amsterdam criteria for HNPCC syndrome, i.e. three cases of colon cancer among closely related members of successive generations, with at least one case being diagnosed before the age of 50 (Vasen et al., 1991) . This patient was not found to have tumour-associated microsatellite instability. The other patients with positive family histories had relatives with a variety of malignancies, including ovarian, breast, endometrial and prostatic cancer (Table II) . In all, tumourassociated microsatellite alterations were observed in only 2/12 (17%) of these patients. Similarly, the frequency of alterations was not significantly higher among patients with other clinical features suggestive of familial cancer, such as diagnosis before the age of 50 (12%) and the presence of synchronous or metachronous tumours (27%). Microsatellite instability did not, therefore, appear to be exclusively associated with features of familial ovarian cancer. Analyses of the hMSH2 and hMLHI genes are currently being performed on the DNAs from cases showing tumour-associated microsatellite instability to determine if these patients have germline and/or somatically acquired mutations at these loci.
In theory, the frequency of detected microsatellite alterations depends on both the mutability of the repeat sequences under study and the proficiency of DNA replication and repair activities of the cells which contain them. HNPCC tumours have been characterised by the genome-wide alteration of dinucleotide repeat sequences, a form of instability attributed to mutations in a number of mismatch repair genes (hMSH2, hMLHI, hPMSI and hPMS2) (Fishel et al., 1993; Leach et al., 1993; Bronner et al., 1994; Papadopoulos et al., 1994) . In contrast, a different pattern of instability has been observed in a variety of non-HNPCC tumours, in which alterations were found with lower frequency, and almost exclusively at higher order triand tetranucleotide repeats (Wooster et al., 1994) . This pattern could result from two distinct phenomena. First, exceptionally high germline mutation rates have been observed for tetranucleotide repeat sequences (Mahtani and Willard, 1993; Weber and Wong, 1993) . The exclusive detection of alterations at these loci may reflect a more subtle form of the repair deficiency that generates genome-wide dinucleotide instability in HNPCC tumours (Wooster et al., 1994) . Alternatively, recent in vitro observations suggest that small mismatches and large loops resulting from slippage events at repeat sequences may be recognised and repaired by different components of the DNA mismatch repair machinery (Umar et al., 1994b (Young et al., 1989) . A smaller percentage of ovarian neoplasias, e.g. teratomas, arise from the germ cells. Other rare tumours, such as malignant mixed Mullerian tumours, are composed of multiple cell lineages thought to arise from embryologically pluripotent cells. Interestingly, microsatellite instability was observed in more than half of these uncommon tumour types, and much less frequently in the more common serous adenocarcinomas (Table III) . The two published studies reporting negligible frequencies of microsatellite alterations were done on epithelial ovarian carcinomas (Dodson et al., 1993; Osborne and Leech, 1994) , whereas histopathological classification was not provided in the studies reporting alterations (Han et al., 1993; Wooster et al., 1994) . Histopathological classification may thus explain some of the discrepancies regarding microsatellite instability in ovarian cancer. Another interesting clinicopathological correlation was a positive association of microsatellite instability with the small number of stage I tumour presentations. Similar associations, linking alterations to low-stage disease and favourable patient prognosis, have been reported for colorectal tumours (Lothe et al., 1993; Thibodeau et al., 1993) , and it has been suggested that the extensive genetic instability associated with microsatellite alterations may ultimately compromise tumour progression (Radman and Wagner, 1993) . In short, our observations suggest that histological subtype and clinical stage may be determinants of microsatellite instability in ovarian neoplasms.
In conclusion, we have observed microsatellite instability in the neoplastic tissues of 7/41 (17%) ovarian cancer patients characterised for diverse genetic backgrounds and clinicopathological characteristics. Since ovarian cancer can be a manifestation of the HNPCC syndrome, it is possible that at least some of the patients in our study could be members of such pedigrees. This is particularly likely for patient no. 1, who had a positive family history of HNPCCassociated cancers and who was found to have alterations at di-and tetranucleotide repeat loci. However, tumourassociated microsatellite instability was also observed in a number of patients without features of familial disease. The pattern of observed alterations suggests that multiple molecular mechanisms may be associated with the generation of microsatellite instability in ovarian neoplasms.
